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INTRODUCTION 
The purpose of this investigation was to establish 
the readily accessible anatomical sites of spontaneous athero 
sclerosis in swine. 
A preliminary investigation by Skold and Getty (49) 
showed that the arterial system of swine is subject to a 
lesion that has many characteristics compatible with athero­
sclerosis in man. They suggested that the pig should serve 
as an excellent laboratory animal for future observations 
of this lesion. 
This study, using the pig for further investigation, 
revealed the distribution of atherosclerotic lesions which 
may be expected to be consistently found in ageing swine. 
The description of these spontaneous lesions and their 
anatomical sites are contained in this report. 
Strong and McGill (52) suggested that in man there is 
little doubt that coronary atherosclerotic lesions as well as 
aortic lesions are present in almost all of the adult popula­
tion of the United States. Lansing (29) stated that six or 
seven out of ten deaths in man are attributable to the 
sequelae of atherosclerosis, and that atherosclerosis 
constitutes a leading health problem in man. 
There has been limited reporting on the extent of 
atherosclerosis in swine. Gottlieb and Lalich (13) noted the 
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occurrence of arteriosclerosis in the aortas of swine 
slaughtered at meat packing plants. Bowsell, Downie, and 
Mustard (44) reported the development of induced athero­
sclerosis in swine, and noted that the lesion was present in 
control animals. Jennings âi,. (26) described intimai 
changes compatible to atherosclerosis in the arteries of a 
seven-year-old female pig. Several workers have induced 
atherosclerosis experimentally in swine: Bragdon, Zeller, 
and Stevenson (4); Reiser, Sorrels, and Williams (42); and 
Rowsell, Downie, and Mustard (45)• 
In this research an examination of arteries from 
different breeds and ages of domestic swine conclusively 
established that spontaneous atherosclerotic lesions similar 
to those described in man are very common in these animals. 
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REVIEW OF LITERATURE 
This diversified review of the literature of athero­
sclerotic lesions has been grouped into six parts. The first 
part deals with the animals affected, the second with the 
extent of the lesions, the third with the pathogenesis and 
the fourth with the cause. The fifth part examines some 
proposed treatments, and the sixth part deals with experi­
mentally induced atherosclerosis. 
Animals Affected 
Gottlieb and Lalich (13) reported that fibrous 
connective tissue plaques of arteriosclerosis occurred 
principally in the thoracic aorta of young swine obtained 
from slaughter houses. In an investigation for the effect of 
diet on serum lipoproteins, Bragdon, Zeller, and Stevenson (4) 
found lesions in young swine which they described as similar 
to those illustrated by Gottlieb and Lalich. The lesions 
were confined to the thoracic aorta. Reiser, Sorrels, and 
Williams (42) found atherosclerosis in an experimental study 
for the influence of dietary fats and cholesterol on athero­
sclerosis and lipid distribution in swine. After their 
experimental production of atherosclerosis by feeding butter 
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and. margarine, Rowsell, Downie, and Mustard (4-5) felt that 
atherosclerosis occurred in swine to some extent whatever the 
fat content of the diet. 
Bloom (3)  observed vascular lesions in an eight-year-
old dog in which foam cells were present in the tunica media. 
Lindsay, Chaikoff, and Gilmore (33) concluded that most older 
dogs, especially after eight years of age, are affected with 
atherosclerosis and that the incidence of spontaneous arterio­
sclerosis in the aorta is high in dogs. Goldberger (10) 
suggested that dogs and rats are more resistant to athero­
sclerosis than man and other animals because they may esterify 
larger amounts of cholesterol with arachidonic acid than do 
other animals. 
ML 
Malinow, Hajman, and Pellegrino (39a) found endo­
thelial and subendothelial infiltrations in seventeen white 
male rats (Williams strain) out of a stock colony of thirty 
rats. Humphreys (25) reported a high incidence of atheroma 
in the coronary arteries of normal ageing rats. 
Cat 
Arteriosclerosis in the cat, particularly in old age, 
was reported by Lindsay and Chaikoff (32). Their findings 
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were based on the examination of hearts and aortas from 
thirty-six cats, fourteen of which were five years or older. 
The spontaneous plaques occurred principally in the abdominal 
aorta. The heart lesions were demonstrated in the coronary 
arteries. 
Zoo animals 
In their series of zoo animals examined, Finlayson, 
Symons, and T-W-Fiennes (9) noted that atheromatous plaques 
were common in birds in which it is known that the systemic 
blood pressure is relatively high. They observed that 
atherosclerosis was distinctly rare in reptiles which have a 
low blood pressure. Vastesaeger, Gillot, and Parmentier (55) 
found lesions in the vessels of the hearts of many exotic 
mammals and birds which died in captivity. Vastesaeger and 
Delcourt (54) concluded that spontaneous atherosclerosis may 
develop in captive animals whose diets are completely free 
from animal fats. They stated that the frequency of sponta­
neous coronary atherosclerosis was significantly lower than 
the frequency of spontaneous arterial atherosclerosis in zoo 
animals. 
Birds 
Lofland, Clarkson, and Goodman (36) reported that in 
atherosclerotic susceptible pigeons, more extensive athero­
sclerosis was seen in cholesterol-fed birds receiving diets 
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high in protein, and that the type of diet fat influenced the 
degree of aorta involvement only slightly. 
Man 
Strong and McGill (52) suggested that in man there is 
little doubt that coronary atherosclerotic lesions as well as 
aortic lesions are present in almost all of the adult United 
States population. 
Extent of Lesions 
Many articles have been published describing the 
distribution of atherosclerotic lesions in man, but there has 
been limited reporting on the extent of atherosclerotic lesions 
in animals. 
In reviewing the literature, Lansing (29) noted that 
atherosclerosis does not occur in fishes nor in amphibia, and 
he cited no cases in a limited number of reptiles examined. 
He noted that reptiles possess two aortic arches whereas birds 
and mammals have only one, and that the arterial pressure of 
amphibia and reptiles is approximately one-half that of birds 
and mammals. 
Gottlieb and Lalich (13) listed the thoracic aorta as 
the principal site of fibrous connective tissue plaques of 
atherosclerosis in young swine obtained from slaughter houses. 
Bragdon, Zeller, and Stevenson (4) reported that the site of 
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atherosclerosis, experimentally induced in young swine, was 
confined to the thoracic aorta in their study. 
Lindsay ££, al. (34) noted arteriosclerotic lesions 
in the aorta, coronary arteries, renal arteries, hepatic 
arteries, and cardiac valves in the dog. Lindsay and Chaikoff 
(32) observed that plaques were more prominent in the abdominal 
aorta of cats and that lesions, while not grossly visible, were 
demonstrated microscopically in the coronary arteries. 
The atherosclerotic lesions in the coronary arteries 
of man have been studied extensively. Burkeholder and 
Stephenson (7) found in man that the anterior descending 
branch of the left coronary artery was involved in all cases 
which showed intimai atheromas in the first three centimeters 
of the common coronary artery. The maximum point of occlusion 
by the atherosclerotic process was usually in the first three 
centimeters of the main branches. In their review of the 
literature, Burkeholder and Stephenson noted that the site of 
predilection of atheroma in the coronary arteries of man is 
most commonly found in the anterior descending branch of the 
left coronary artery, approximately four centimeters from its 
origin. The right main coronary artery, the left circumflex, 
the left main coronary artery, the right posterior descending 
artery, and the right marginal branch were involved in this 
order of decreasing predilection. 
Levene (30) stated that atheromatous plaques were 
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present at the junction of the left anterior descending 
and circumflex coronary arteries in most middle aged human 
patients. He reported that focal lesions in the form of 
localized areas of splitting of the internal elastic membrane 
had been noted at or even before the time of birth. 
Lansing (29) listed the sites of predilection for 
atheromas at arterial bifurcations and raised the question 
why the pulmonary artery appears to be virtually immune to 
atherosclerosis. Harvey (18) observed pulmonary atheroma 
occurring in human cases of cor pulmonale due to bronchitis 
and emphysema and in a few cases of mitral stenosis. He 
concluded that in human cases manifesting no right ventricular 
hypertrophy that pulmonary atheroma was of a minor degree. 
Pathogenesis 
Schwartz and Mitchell (48) noted variations in the 
sites of distribution of two atherosclerotic lesions which 
they referred to in man as flat, fatty streaks and raised 
atherosclerotic plaques. The abdominal segment of the aorta 
was markedly affected with the raised atherosclerotic plaques 
in contrast to the thoracic aorta which was commonly the site 
of confluent fatty streakings. In man the atherosclerotic 
plaques were reported as encircling, raised lesions at the 
orifices of the arteries. The fatty streaks were reported 
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as flat lesions in the midline of the thoracic aorta along 
the line of the intercostal arteries with a tendency to spare 
the lateral walls of the vessel. 
They believed there was little justification for 
considering the flat, fatty streaks and the raised athero­
sclerotic plaques as part of one disease process on the 
basis of the structural and topographical differences. 
Goldberger (10) based the statement that a hemo­
dynamic factor was present in the development of all forms 
of atherosclerosis on the fact that lesions tended to be 
localized in areas subjected to mechanical stresses, such as 
curvatures, bifurcations, branchings, tapering, or points of 
external attachment. Cholesterol-beta lipoprotein complexes 
penetrated and saturated the arterial wall, and if they 
remained for a long period of time, they were engulfed by 
macrophages, producing lipid-laden foam cells and character­
istic atherosclerotic plaques. 
Goldberger further stated that cholesterol which 
normally circulates in the blood stream as a colloidal solu­
tion bound to various lipoproteins may come in contact with 
intimai and subintimal injury to the arterial wall, which 
may disrupt its colloidal state and cause it to precipitate 
or crystalize in the subintimal spaces. Deficiency of 
essential fatty acids may cause primary injury to the ground 
substance of the arteries and disrupt the cholesterol-
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lipoprotein filtration process. In such animals as dogs 
and rats which are more resistant to atherosclerosis than are 
man and other animals, a large amount of cholesterol is 
esterified to arachidonic acid, whereas in other animals, 
smaller amounts of cholesterol are carried as arachidonic 
esters. In his review of the literature, Goldberger noted that 
small thrombi of fibrin or of blood may be deposited on the 
arterial intima in areas of local stress. They may then become 
covered with endothelium. Organization may take place, or 
lipid infiltration and hemorrhage from new capillaries which 
grow into the area may produce a histological picture similar 
to that which occurs with usual intimai atherosclerosis. 
Gresham, Howard, and King (15) compared the early 
atherosclerotic lesions of man, rat, rabbit, and turkey to . 
determine whether the early atherosclerotic lesions were 
predominantly fatty or fibrous thickenings. They used 
histochemical staining methods to determine the prominent 
constituent in the lesions. They concluded that the early 
lesions were predominantly fibrous and that only in the 
turkey did the lesions contain much lipid. 
Working with the development of nonvascularized 
atheromatous plaques experimentally induced in rabbits, 
Higginbotham and Higginbotham (20) indicated that vasculari­
zation was not essential for plaque formation. 
From their studies on zoo animals, Vastesaeger and 
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Delcourt (54) concluded that spontaneous atherosclerosis may 
develop in captive animals whose diets are completely free 
from animal fat. The development of atherosclerosis may be 
due to the way the dietary fats are metabolized in different 
species and individuals and not necessarily due to the nature 
of the dietary fat. 
Gould (14) reviewed studies which showed that the 
coronary arteries in man are characterized by the thickness 
of the intima, and by a well-developed muscular media with 
circular muscle fibers and a thin adventitia. The increase 
in intimai thickness affects particularly the first part of 
the coronary arteries. 
Levene (30) noted the focal lesions in the form of 
localized areas of splitting of the internal elastic lamina 
at or even before the time of birth and suggested that elastic 
lesions were thought to represent underlying foci of medial 
weakness. Maher and Schreier,(37) advocated the demonstration 
of changes in the ground substance of the arteries. 
Gordon (11) in his review of the literature stated 
that the macrophages become imprisoned between the internal 
elastic membrane and the endothelium by the blood pressure of 
the lumen. He explained the reason that the lesion mainly 
affected the elastic arteries was because the velocity of the 
blood becomes less as the arteries become smaller. A more 
continuous blood flow, the low blood pressure, and the 
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incompleteness of the elastic membrane lessen the tendency 
for atherosclerosis to occur in the veins. The internal 
elastic membrane serves as a barrier to the deposits of lipids 
into the media of the vessel- but the fenestrations in the 
membrane account for some entrance of the macrophages into 
the media. The reason that more lipid tends to be present 
in the media of birds is because of a deficiency in the 
internal elastic membrane. 
Subendothelial intimai fibrosis was observed by 
Taylor (53) to be present regularly in the adult aortas of 
man which appear normal or show only minimal streaking. He 
noted that the large pool of mucopolysaccharides derived 
from degeneration of the elastic tissue of the media may play 
a part in the development of an atheromatous plaque. 
Bloom (3)  reported that the histogenic evidence 
indicated the lipid containing cells were derived from smooth 
muscle cells of the media in muscular arteries of an eight-
year-old dog. The foam cells present in the media contained 
glycerides and cholesterol. Lindsay, Chaikoff, and Gilmore 
(33) described the outstanding spontaneous lesion of canine 
arteriosclerosis as intimai fibrosis, associated with deposi­
tion of the mucoid ground substance and collagen. They 
concluded that lipids appeared to play no part in the patho­
genesis of the earliest intimai lesions. 
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Cause 
From histochemical studies in both animal and human 
aortas, Sandler and Bourne (4?) found a suggestion that the 
arterial wall itself synthesized the fat and some of the 
cholesterol that accumulates in atheromas. The factor 
which initiates this process might be a deficiency of poly­
unsaturated fatty acids. 
Kinsell âl* (28) suggested that if essential fatty 
acid is in short supply there is an increased rate of choles­
terol and phospholipid formation. This increases the levels 
of both materials in the plasma in an effort to make up in 
quantity what is lacking in quality, and consequently there 
is an increased tendency to deposit these compounds in tissues 
such as the intima of the arteries. 
Three theories on the manner in which cholesterol 
deposition occurs were reviewed by Sako (46). The first 
theory stated that cholesterol is carried into the vessel 
wall by cholesterol-laden macrophages. The second was that 
cholesterol is embedded in the vessel, and the third was the 
observation of tissue culture with C^-labeled acetate showing 
that the vessel is capable of synthesizing cholesterol from 
simpler compounds. After blood flow studies, Sako stated 
that hemodynamic factors suggest a role in the genesis of 
atherosclerosis. 
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Lindsay ^È. al « (35) presented evidence that the 
severity of atherosclerosis is increased following irradia­
tion of the aorta in dogs. They stated that excessive 
deposition of mucopolysaccharide substance may follow at the 
site of injury. This in turn may be followed by fibroblastic 
proliferation with the development of fibrous intimai plaques. 
Burch and DePasquale (6) stated that an increase in 
arterial pressure is concerned with the pathogenesis of 
arteriosclerosis. They observed in man no atherosclerosis in 
the left coronary artery when it arises from the pulmonary 
artery, whereas the right coronary artery which arises from 
the aorta showed atherosclerosis. The low vascular pressure 
in the coronary artery which originated from the pulmonary 
artery in the case reported must have accounted for the 
absence of atherosclerosis. 
Stephenson e£ al. (50) suggested that the anatomical 
factors of mechanical fixation may be concerned in deter­
mining the sites of predilection for atheromatous lesions. 
Some degree of mechanical fixation of a large artery occurs 
at the site of each of its branches• The authors stated that 
in their surgical operations on the human aorta, athero­
sclerotic lesions were observed in greatest concentration in 
the posterior wall of the abdominal aorta and common iliac 
arteries and at the orifices of the branch vessels. 
Guyton (17) recorded that lack of insulin promotes 
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fat utilization from the tissue, and this is probably why 
blood cholesterol increases in diabetes mellitus in man. 
This might favor the increased incidence of atherosclerosis in 
persons afflicted with this disease. Guyton also stated that 
epinephrine has a direct effect on the fat cells to increase 
their rate of fat metabolism. 
Reiser, Sorrels, and Williams (42) noted that only 
in groups of pigs fed diets with both fat and cholesterol 
added did marked atherosclerosis appear. 
Gould (14) emphasized the importance of mechanical 
trauma as a cause of atherosclerosis based upon findings of 
early involvement of the aortic ring near the insertion of the 
semilunar cusps and about the ostia of the segmental vessels. 
Gordon (11) made an extensive review of the theories 
of the causes of atherosclerosis. One suggestion was that 
the cells of the reticuloendothelial system phagocytized the 
lipid as esterified cholesterol, passed through the lungs, 
and entered the intima of the aorta and coronary arteries. 
The slowness of the blood flow in the aorta and coronary 
arteries caused the macrophages to adhere to the intimai 
endothelium. This theory did not explain why only the macro­
phages and not the other leucocytes of the blood formed the 
main feature of atherosclerotic plaques. Gordon continued 
that other workers had pointed out that as the blood stream 
slows down, the macrophages which have phagocytized the lipid 
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move to the periphery of the vessel. Any eddying of the blood 
stream caused by dilatation or any projection of the arterial 
wall into the axial stream would tend to favor the migration 
of the macrophages to the intimai endothelium. 
Another factor mentioned by Gordon was the inter­
mittent flow of blood into the large elastic arteries which 
gave the lighter macrophages an opportunity to enter the 
peripheral wall during diastole. Widening of the vessels as 
a result of age or disease also lessens the flow of blood and 
allows the macrophages to enter the endothelium. The light­
ness of the engulfed fatty esters of low specific gravity 
enabled the macrophages to leave the axial stream ahead of 
the polymorphonuclear cells and enter the peripheral zone. 
Gordon reviewed work that based the main cause of 
atherosclerosis on high blood pressure. The coronary arteries 
arising from the aorta may contain atherosclerotic plaques as 
a result of increased arterial pressure. Lesions in the 
pulmonary artery were believed to be a result of mitral 
disease and emphysema. 
Gordon also stated that atherosclerotic lesions had 
been caused in the aorta of experimental animals by the 
injection of methyl cellulose. Macrophages were demonstrated 
in blood smears and in the aortic intima. Others found that 
the administration of thyroid extracts diminished experimental 
atherosclerosis, whereas thyroidectomy increased the incidence. 
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The administration of potassium iodide protected the experi­
mental rabbit from atherosclerosis, but in the absence of the 
thyroid gland, it did not prevent the occurrence of athero­
sclerosis. Guyton (17) explained this by the fact that the 
thyroid hormone mobilizes the fats and decreases the blood 
cholesterol concentration. 
Proposed Treatments 
Murata (40) felt that carrageenin and laminarin 
sulphates injected intravenously into cholesterol-fed rabbits 
- played a part in inhibiting the degeneration of aortic tissue. 
Both of these compounds are sulphated polysaccharides. He 
also reviewed the interest directed to the role of aortic 
mucopolysaccharides in the ageing process and the genesis of 
arteriosclerosis. 
Horlick and Duff (22) administered large doses of 
heparin by intramuscular injection to cholesterol-fed rabbits, 
and felt that the development of atherosclerotic lesions of 
the aorta was retarded. In a later study, Horlick and Duff 
(23) felt that heparin did not influence the rate of regres­
sion of established atherosclerotic lesions in rabbits or the 
rate at which the serum lipids regained their normal levels 
after the cessation of cholesterol feeding. 
Pick g£. al. (41 ) felt that estradiol benzoate inhibited 
18 
coronary atherosclerosis in cockerels which had been fed a 
cholesterol-containing diet, but it did not exert any 
prophylactic effect against atherosclerosis in the aortas of 
the birds. They stated that the coronary and cerebral 
arteries are the sites of lesions causing greatest human 
morbidity and mortality, and cautioned that it should not be 
assumed that the laws of atherogenesis in the aorta apply 
equally well to the coronary or cerebral vessels. 
Experimental Atherosclerosis 
Chakravarti, Balkrishna, and Zaidi (8a) reported that 
a progressive increase in serum viscosity paralleled the 
extent of atherosclerosis which they induced in rabbits. 
Serum viscosity was determined on overnight fasting blood. 
Stephenson and Younger (51) stated there was no 
significant difference in the degree of experimental athero­
sclerosis produced in the pulmonary artery, coronary artery, 
or aorta in groups of dogs studied which had been prepared 
by thyroid irradiation and high cholesterol diet. Their 
review of the literature had indicated that the pulmonary 
artery had been reported to be particularly resistant to 
experimental production of atheromata. 
Bowsell, Downie, and Mustard (44) compared the 
effects of egg yolk and butter on the development of athero­
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sclerosis in swine. In their study they reported that the 
swine fed egg yolk produced the highest incidence of aortic 
and coronary atherosclerosis. The group of pigs fed egg 
yolk showed a significant increase in their blood cholesterol 
and phospholipid levels, while the swine fed butter showed 
only a slight increase in some serum lipid levels. 
In an earlier study, Bowsell, Downie, and Mustard (45) 
reported on their experimental production of atherosclerosis 
in swine following the feeding of butter and margarine, and 
they reported that butter produced the highest incidence of 
atherosclerosis. There was no increase in blood cholesterol 
and phospholipid levels in the swine on butter or margarine 
diets. They felt that atherosclerosis occurred in swine as 
in man and some other animals to some extent whatever the 
fat content of the diet. 
Beiser, Sorrels, and Williams (42) studied the influ­
ence of high levels of dietary fats and cholesterol on athero­
sclerosis in swine, and reported that marked atherosclerosis 
appeared only in the groups fed both fat and cholesterol. 
Bragdon, Zeller, and Stevenson (4) studied the effect 
of diet on serum lipoproteins and on the atherosclerotic 
process in swine. Atherosclerotic lesions confined to the 
thoracic aorta which they described as similar to those 
reported by Gottlieb and Lalich (13) were found in the same 
incidence in control animals fed a conventional diet. 
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Rouser, Bauman, and Kritchevsky (43) stated that 
methods for the quantitative isolation and characterization 
of each lipid class must be available before the functions of 
lipids in a biologic system can be understood. 
Barnes e£ al. (2) found that low-protein intakes 
resulted in increase of serum cholesterol, and that fat in 
the form of beef tallow caused a rise in serum cholesterol in 
young swine. In a study of adult swine, Barnes al. (1) 
found that the diet with the most saturated fat caused the 
greatest increase in serum cholesterol. Lewis and Page (31) 
found a wide difference in serum cholesterol concentration in 
two strains of pigs of similar age and on identical diets. 
They suggested the inadmissability of using different strains 
of animals for lipoprotein studies. 
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MATERIALS AND METHODS 
Swine 
Fifty pigs, ranging in age from 1 to 8-1/2 years of 
age, were obtained from the Swine Nutrition Farm at Iowa State 
University, and from other sources by special purchases. 
Birth records were obtained for all animals, and they were 
weighed prior to killing. The pigs were uncastrated males 
and females and represented nine breeds (Table 1). In every 
case they appeared to be normal, healthy swine with no out­
ward manifestation of disease. 
The pigs were killed by electrocution. One electrode 
was fastened to the tail which had been moistened with tap 
water, and another electrode was fastened to the moistened 
ear. The electric plug from the two electrodes was inserted 
into a 110 volt alternating current outlet. Three alternate 
electrical shocks were given each animal until respiration 
ceased to reoccur with the termination of the flow of 
electricity. 
All animals were partially exsanguinated by cutting 
through the skin in the axillary space and severing the arm 
from the body except for the attachment of skin over the back. 
Table 1. Incidence of atherosclerotic lesions occurring in different areas of the 
arteries of ôwine 
Percentage of area with visible lesions 
after staining gross specimen with Sudan IV 
Pig Age Weight Abdominal Thoracic Iliac Pulmonary 
no. Sexa yr. mo. lbs. Breed" aorta aorta arteries artery 
10 S 1 0 Poland China 5 0 2 0 
40 S 1 8 150 Florida Swamp 5 10 0 0 
49 S 1 8 425 Landrace 60 5 10 0 
24 B 1 9 580 Duroc 20 0 5 0 
28 B 1 10 510 Duroc 10 0 5 0 
34 B 1 10 516 Duroc 10 5 5 0 
37 B 1 10 494 Hampshire 25 5 15 0 
13 B 2 0 500 Yprk-Ch. White 
Duroc 
10 5 2 0 
3 B 2 3 724 30 10 5 0 
11 B 2 3 577 Hampshire 30 0 5 0 B 2 4 651 Hampshire 20 5 10 0 
18 S 2 5 520 Landrace 95 90 90 0 
5 S 2 6 530 Chester White 10 5 3 0 
29 
4 
S 
S 
2 
3 
8 
0 212 
Landrace 
Chester White 
30 
10 > 0 
5 
5 
0 
0 
39 B 3 4 640 Poland China 50 25 10 0 
14 S 3 6 517 Landrace 40 10 5 0 
16 S 3 6 530 Landrace 50 0 25 0 
21 S 3 6 480 Landrace 20 5 10 0 
6 S 3 8 435 Chester White 20 0 5 0 
48 B 3 8 77 0 Yorkshire 90 0 15 0 
22 S 3 10 375 Landrace 40 5 10 0 
19 S 4 0 480 York-Ch. White 50 0 10 0 
45 S 4 0 390 Landrace 15 5 5 0 
7 S 4 1 420 Chester White 40 5 20 0 
43 . B 4 2 650 Landrace 90 10 75 0 
20 B 4 3 790 Yorkshire 100 10 100 0 
11 S 4 6 720 Sp. Poland China 95 10 20 0 
31 S 4 6 720 Farmer's Hybrid 10 5 5 0 
41 S 4 11 525 Yorkshire: 90 5 50 0 
50 S 4 11 445 Yorkshire 90 5 15 0 
27 B 5 6 750 Farmer's Hybrid 20 5 10 0 
30 S 5 6 785 Farmer's Hybrid 75 15 40 0 
46 S 6 0 550 Landrace 90 15 25 0 
47 S 6 0 485 Landrace 90 5 15 0 
36 S 6 3 247 Hampshire 20 5 2 0 
15 S 6 6 220 York-Hamp-Tam. 20 0 10 0 
17 S 6 
/• 
6 315 York-Hamp-Tam. V M — 1 m T TA «MM M m #% *** 50 on 2 a 
20 
< 
0 
n 
"Y 
39 
u 
B 
j 
3 4 640 
WltQO VWA Wli* VV 
Poland China 50 25 10 0 
14 S 3 6 517 Landrace 40 10 5 0 
16 S 3 6 530 Landrace 50 0 25 0 
21 S 3 6 480 Landrace 20 5 10 0 
6 S 3 8 435 Chester White 20 0 5 0 
48 B 3 8 77 0 Yorkshire 90 0 15 0 
22 S 3 10 375 Landrace 40 5 10 0 
19 S 4 0 480 York-Ch. White 50 0 10 0 
45 S 4 0 390 Landrace 15 5 5 0 
7 S 4 1 420 Chester White 40 5 20 0 
43 . B 4 2 650 Landrace 90 10 75 0 
20 B 4 3 790 Yorkshire 100 10 100 0 
11 S 4 6 720 Sp. Poland China 95 10 20 0 
31 S 4 6 720 Farmer's Hybrid 10 5 5 0 
41 S 4 11 525 Yorkshire ; 90 5 50 0 
50 S 4 11 445 Yorkshire 90 5 15 0 
27 B 5 6 750 Farmer's Hybrid 20 5 10 0 
30 S 5 6 785 Farmer's Hybrid 75 15 40 0 
46 S 6 0 550 Landrace 90 15 25 0 
47 S 6 0 485 Landrace 90 5 15 0 
36 S 6 3 247 Hampshire 20 5 2 0 
15 S 6 6 220 York-Hamp-Tam. 20 0 10 0 
17 S 6 6 315 York-Hamp-Tam. 50 2 20 0 
25 S 6 6 310 York-Hamp-Tam. 20 5 5 0 
35 S 6 6 500 York-Hamp-Tam. 40 5 5 0 
12 B 7 6 820 Farmer's Hybrid 75 50 10 0 
23 S 7 9 383 
394 
Chester White 80 5 40 0 
32 S 7 9 Chester White 60 2 40 0 
38 S 7 9 443 
533 
Chester White 60 15 40 0 
44 S 7 9 Chester White 60 5 15 0 
1 S 8 0 400 Landrace 100 90 50 0 
2 S 8 0 450 Yorkshire 100 25 50 0 
9 S 8 6 253 Hampshire 20 5 2 0 
26 S 8 6 330 Hampshire 20 2 5 0 
8 S 8 6 300 Poland China 20 5 10 0 
aSex is indicated: S = sow; B = boar. 
^Breed is indicated: York-Ch. White = Yorkshire-Chester White; Sp. Poland 
China = Spotted Poland China; York-Hamp-Tam. =1/2 Yorkshire-1/4 Hampshire-1/4 
Tamworth. 
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Materials Collected 
The heart, coronary arteries, pulmonary artery, aorta, 
and iliac arteries were collected for examination. The 
coronary arteries were removed with difficulty in the early 
stages of the project by attempting to dissect the collapsed 
circumflex and descending branches from the myocardium in the 
fresh specimen. This resulted in cuts and incomplete removal 
of these arteries. A method was devised which greatly facil­
itated the removal and permitted the descending branches and 
circumflex arteries to be removed more nearly intact and with 
less cuts than by methods previously attempted. The coronary 
arteries were removed from the heart by cutting through the 
apex of the heart with a scissors and inserting a flexible 
silver probe into the lumen of the descending coronary 
artery. The artery was then removed with a forceps after 
cutting with a scissors beneath the vessel (Figure la). The 
best results were obtained by starting at the apex of the 
vessel and dissecting upward beneath the circumflex arteries. 
The coronary arteries were opened longitudinally and 
were kept in an open position by pressing the fresh, moist 
adventitial surface onto a strip of dry chipboard. The 
vessels were fixed in a four per cent neutral formaldehyde 
solution for 24 hours. 
The pulmonary artery was dissected from the thoracic 
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Figure la. An anterior view of an unfixed pig heart. A 
probe is inserted into the lumen of the left 
anterior descending coronary artery near the 
apex. Ektacolor film; ISU Neg. A45569 
A. Pulmonary artery 
B. Ascending aorta 
C. Brachiocephalic artery 
D. Left brachial artery 
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aorta by cutting through the ductus arteriosus prior to 
opening the heart chambers. The chambers of the heart were 
opened in the same sequence as the flow of blood. The right 
side of the heart was opened first by inserting a knife 
into the dorsal part of the posterior vena cava and cutting 
through the right atrium and the anterior vena cava. The 
second cut was made by inserting the knife through the 
tricuspid valve to the apex of the right ventricle and 
cutting through the posterior leaflet of the tricuspid valve 
and the wall of the right ventricle. The third cut was 
directed upward through the myocardium, the pulmonary valve 
and the pulmonary artery. 
The left side of the heart was opened by inserting 
the knife into the pulmonary veins and cutting through the 
dorsal wall of the left atrium. The knife was next inserted 
through the bicuspid (mitral) valve to the apex of the 
left ventricle and a cut was made through the valve and 
myocardium. The last cut was made by inserting the knife 
upward through the aortic valve into the ascending aorta. 
The cut was completed through the myocardium, aortic valve 
and ascending aorta. The hearts with the ascending aorta and 
pulmonary artery attached were fixed in four per cent neutral 
formaldehyde solution. 
The ascending aorta in this study refers to the aorta 
which extends from the aortic valve to the brachiocephalic 
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artery. The arch of the aorta is that portion of the aorta 
which gives rise to the brachiocephalic artery and left 
brachial artery and is continued as the thoracic aorta to the 
diaphragm. 
The aorta was divided into the thoracic and abdominal 
portions by transection at the hiatus aorticus of the dia­
phragm prior to removal from the animal. As much of the 
adventitial fat was removed from the aorta as could be 
easily stripped away. The abdominal portion of the aorta 
and its bifurcations into external and internal iliac arteries 
were left intact. The aorta and iliac arteries were opened 
longitudinally, stripped of excessive adventitial fat, and 
were maintained in an open position by pressing their adven­
titial surfaces onto dry chipboards in preparation for gross 
staining. 
Blood samples were taken for cholesterol determina­
tion on only seven pigs in this series. The determinations 
were performed in the Department of Anatomy at Iowa State 
University by the method of Zlatkis, Zak, and Boyle (56). 
Since these blood samples were not taken on fasting pigs, 
and since only seven blood samples were taken, the analysis 
and interpretation of the results were not considered in this 
report. The limited data is recorded for future reference 
(Table 2). Dukes (8b, p. 49) listed a range of lj?2 - 154 
milligrams per 100 milliliters of blood serum as the usual 
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Table 2. Serum cholesterol levels obtained from blood samples 
drawn from the swine at the time of killing3. 
Pig number Milligrams per cent 
4 180 
5 145 
6 140 
7 155 
13 145 
19 145 
41 141 
aSerum cholesterol determination was performed by the 
Department of Anatomy, Iowa State University. 
normal range for total cholesterol in mature domestic swine. 
The diets of the pigs used in this series are on file 
in the Department of Anatomy at Iowa State University. No 
attempt has been made to include the ration as a part of this 
report. The lesion was considered to have developed spon­
taneously in pigs fed rations supposedly to be normal 
maintenance diets which were not intended to produce a rapid 
gain in weight. The pigs in this series were believed to be 
free from the treatment effects of an atherogenic diet. 
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Storage of Materials 
Arteries 
The stained arteries were stored in polyethylene 
bags. These bags were cut to the length desired from rolls 
of flat, polyethylene tubing, which measured 4 inches in 
width and .005 inches in thickness (Figures lb and lc). 
Identification numbers were printed on cellulose nitrate tags 
of .010 inches in thickness. The printing was rendered 
permanent by dipping the tags in acetone and allowing it to 
dry. The tag was inserted into the bag and sealed with the 
arteries (Figure Id). The arteries were inserted into the 
bags with 10 milliliters of 4 per cent formaldehyde solution, 
and the open end of each bag was sealed by the application of 
heat. A foot-operated heat sealer was used (Figure lb). 
This procedure allowed the operator to have both hands free 
to expel as much air from the bag as possible before applying 
the seal. For storage, the sealed bags were fastened to 
spring-type clothes pins, and the clothes pins were strung on 
a horizontal wire. 
Hearts 
The hearts were stored in 4 per cent neutral 
formaldehyde solution in glass jars. The jars were fitted 
with screw-type lids which had been coated on the inside 
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Figure lb. Bolls of flat-polyethylene tubing and a foot-
operated heat sealer are shown. Sealed bags are 
clipped to clothes pins on the left. Ektacolor 
film; ISU Neg. A46628 
Figure le. A polyethylene bag with an identification tag 
for the storage of arteries. One end has been 
heat-sealed. Ektacolor film; ISU Neg. A46630 
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Figure Id. Stained arteries sealed in a polyethylene bag 
for storage. Ektacolor film; ISU Neg. A46629 
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surface with melted paraffin to inhibit rust formation. 
Gross Staining 
The detection of plaques and fatty streaks in the 
unstained tissue was not readily discernible by gross 
examination. The fibrous plaques were often so subtle that 
the slight elevation of the intimai surfaces of the arteries 
could not be detected. Therefore, the arteries were stained 
with Sudan IV prior to conducting the gross examinations. 
The arteries were rinsed in 70 per cent ethyl alcohol 
and stained for 15 minutes at room temperature in Herxheimerfs 
solution consisting of four grams of Sudan IV dissolved in 
equal parts of 70 per cent ethyl alcohol and acetone as 
described by Holman (21). The material was rinsed in 80 per 
cent ethyl alcohol, washed in running tap water for one hour, 
and examined for atherosclerotic streaks and plaques which 
were manifested as more intensely stained areas (Figures 2 
and 3). Arterial lesions are recorded in Table 1. 
Since the valves of the hearts and the orifices of 
the coronary arteries were subjected to the systolic impact 
of the blood it was believed that these areas should be 
examined for atherosclerotic lesions. A gross examination 
of the unstained hearts presented the same limitation as did 
the unstained arteries in regard to the difficult detection 
Figure 2. Unstained thoracic aorta from a 4-1/2-year-old 
Spotted Poland China sow (Pig 11). Athero­
sclerotic plaques are not readily distinguishable. 
Ektacolor film; ISU Meg. A45919 
Figure 3* Thoracic aorta shown in Figure 2 after gross 
staining with Sudan IV. Plaques are readily 
visible. Ektacolor film; ISU Neg. A45930 
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of fatty streaks and plaques. 
Since no reference could be found for a method of 
staining the heart for gross examination, it seemed feasible 
to stain the opened hearts by the same method as was used for 
the arteries. 
The hearts were completely submerged in ?0 per cent 
ethyl alcohol for rinsing away the neutral formalin fixative, 
and were stained in Herxheimer's solution at room temperature 
for 15 minutes. This was followed by rinsing each heart in 
80 per cent ethyl alcohol and washing in running tap water 
for 1 hour. It was examined for atherosclerotic streaks 
and plaque formations which were manifested as more intensely 
stained areas (Figures 2 and 3) and elevations of the intimai 
surfaces. Arterial lesions are recorded in Table 1. 
Microscopic Staining . 
Tissue sections of the fixed arteries were cut 
transversely from areas of fatty streaks and plaque forma­
tions for microscopic examination. The tissues were oriented 
in order to cut sections perpendicular to the luminal surface 
of the artery. They were rinsed in distilled water, were 
quickly frozen and cut on a Cryostat microtome. Individual 
sections were placed in staining dishes and stained with 
oil-red-0. 
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The uncut tissues were allowed to thaw and were 
processed in paraffin. They were oriented in the same plane 
as the frozen sections for sectioning and special staining. 
Sections were stained with oil-red-0, Weigert-Heidenhain-
van Gieson, and hematoxylin and eosin stains. 
The oil-red-0 stain was used to demonstrate the 
deposits of lipids in the tunica intima of the artery. The 
technic used was a modification of the method outlined in 
the Manual of Histologic and Special Staining Technics 
(39b, p. 124). The cut tissue sections were stained for 1 
hour in oil-red-0 in a covered container to reduce evaporation 
and precipitation and counterstained with Harris's acid 
hematoxylin. The stained tissues were mounted with Farrant's 
mounting medium. Staining in oil-red-0 gave a sharp contrast 
with the lipid deposits appearing bright red (Figures 23 - 25)• 
The Weigert-Heidenhain-van Gieson stain used was a 
modification of Heidenhain's iron hematoxylin stain (39b, p. 
58). It was used to demonstrate the disruption of the 
elastic fibers and the presence of bundles and strands of 
collagen in the proliferating connective tissue (Figure 26). 
Weigert's elastic stain was substituted for the ammonio-
ferric alum solution and a 1/2 per cent picric acid solution 
(alcoholic) was substituted for the ammonio-ferric alum in 
the differentiation step of the Heidenhain's iron hematoxylin 
staining procedures. 
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The routine hematoxylin and eosin stain (39b, p. 28; 
was used to reveal the presence of foamy macrophages in the 
tunica intima (Figure 28). 
These studies represent 2500 microscopic slides which 
were prepared to demonstrate the presence of arterial lesions 
found in 5° swine. 
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FINDINGS 
Atherosclerotic lesions were noted as plaques or 
fatty streaks in the arteries. The plaques were areas on the 
intimai surface which were soft, roughened, and elevated* 
The fatty streaks were areas on the intimai surface which 
were soft, smooth, and non-elevated. 
Gross Lesions 
Atherosclerotic plaques 
The gross lesions at necropsy were roughened, 
elevated soft plaques on the intimai surface measuring two to 
fifteen millimeters in diameter (Figure 4). More extensive 
lesions were roughened, elevated furrows occupying all portions 
S 
of the abdominal aorta (Figure 5)• Small plaques were subtle 
and not readily visible in the unstained material. After 
grossly staining with Sudan TV, the plaques and fatty streaks 
were readily demonstrated on the surface by the red stain 
which the plaque or streak had absorbed into the lipid material 
of the lesion. A section of the thoracic aorta prior to 
staining and after staining is shown in Figures 2 and 3-
Fattv streaks 
Fatty streaks were not readily visible in the unstained 
gross specimen. After staining with Sudan IV, the streaks 
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Figure 4. Mild involvement with atherosclerotic plaques in 
the abdominal aorta and iliac arteries from a 
four-year-old Yorkshire-Chester White crossbred 
sow (Pig 19)• Grossly stained with Sudan IV. 
Ektacolor film; ISU Neg. A45926 
A. Indentation where a section was cut for 
microscopic study 
B. Intimai surface of thoracic aorta is smooth 
and free of plaques and fatty streaks 
C. Plaques on the intimai surface in the 
posterior abdominal aorta 
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Figure 5* Severe involvement with atherosclerotic plaques 
in the thoracic and abdominal aortas from an 
eight-year-old Landrace sow (Pig 1). Grossly 
stained with Sudan TV. Ektacolor film; ISU 
Neg. A45928 
A. Fatty streaks in the thoracic aorta cover 
90 percent of the surface 
B. Elevated plaques in the abdominal aorta 
produce a corrugated effect over the entire 
intimai surface 
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were sharply demarcated from the surrounding intima due to the 
intense contrast in color. When the artery was cut trans­
versely, no elevation of the intimai surface was seen. The 
streakings varied in size and shape from spots measuring one 
to two microns in diameter to several square centimeters in 
area and extending several centimeters in length (Figure 6). 
Heart 
Atherosclerotic plaques were noted in the tunica 
intima at the base of the insertion of the semilunar cusps of 
the aortic valve, around the coronary orifices, and in the 
ascending aorta (Figures 7 and 8). Plaques and streaks were 
noted in the tunica intima of the coronary arteries of some 
pigs. Fatty streaking was not seen consistently in the endo­
cardium. When present, fatty streaks were seen most consist­
ently at the base of the cordae tendineae on the papillary 
muscles. Streaks in the endocardium of the chambers and valve 
leaflets of the heart became apparent only after gross stain­
ing with Sudan IV. These streaks, which on gross examination 
resembled the fatty streaks in the tunica intima of the 
arteries, were found after histological examination to be 
infiltrations of fat deposited in the adipose tissue cells. 
The incidence of these infiltrations is listed in Table 3-
The ventricles were grossly streaked in the left chambers in 
35 hearts (70%) and in the right chambers in 20 hearts (40%), 
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Figure 6. Fatty streaks stained red in the anterior part of 
the thoracic aorta from an eight-year-old Landrace 
sow (Pig l). Grossly stained with Sudan TV. 
Ektacolor film; ISU Neg. A45924 
A. Orifice of an intercostal artery 
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Figure 7. Atherosclerotic plaques at the base of the semi­
lunar cusps of the aortic valve are present in 
the opened heart from an eight-year-old Landrace 
sow (Pig 1). Grossly stained with Sudan IV. 
Ektacolor film; ISU Neg. A4$923 
A. Atherosclerotic plaque on the aortic valve 
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Figure 8. Atherosclerotic plaques and fatty streaks in the 
ascending aorta and arch of the aorta shown in 
Figure 7- Grossly stained with Sudan IV. Ekta­
color film; ISU Neg. A45920 
A. Coronary orifice 
B. Brachiocephalic orifice 
C. Left brachial orifice 
Table 3* Incidence of fatty streaks occurring in different areas of the heart in 
swine 
Pig 
no. Sex® 
Weight 
yr.mo. lbs. Breed 
Areas with visible streaks after staining 
gross specimen with Sudan IV 
Cgroaary Valyea 
Ori- Ar-
fice ter- Aor- mo­
rt. It. ies tic nary tral pid 
Endocardial 
Leaflets etreakW 
Pul- Tri- Ven-
Mi- eus- tri clé Mrlum 
rt.lt. rt.lt. 
10 S 1 0 Poland China + + #c + + KB 
40 S 1 8 150 Florida Swamp + + * + - + + «» -
49 s 1 8 425 Landrace + + + + - - + + .. -
24 B 1 9 580 Dur oc + + * + - + — mm + -
28 B 1 10 510 Duroc + + * + » + + + + -
34 B 1 10 516 Dur 00 + + + + - + + + » — 
37 B 1 10 494 Hampshire + + + + - + + m + 
13 B 2 0 500 York-Ch. White + + + + _ + » 
3 B 2 3 724 Duroc + + + + + 
33 B 2 3 577 Hampshire + + + + - - - - -
42 B 2 4 651 Hampshire + + 4- + - — + - - — 
18 S 2 5 520 Landrace + + + + + mm tm + - -
5 S 2 6 530 
355 
Chester White + + - + tm mm w — • _ 
29 S 2 8 Landrace + + * + m + + • 
4 S 3 0 460 Chester White + + - + — + mm mm _ — _ 
39 B 3 4 640 Poland China + + + + + + + - -
14 S 3 6 517 Landrace + + + + « + mm mm _ - « 
16 S 3 6 530 Landrace + + + + + + + - -
21 S 3 6 480 Landrace + + + + + + + - + 
6 s 3 8 435 Chester White + + + + - + * mm + » -
48 B 3 8 770 Yorkshire + + + + — + + + 4 _ 
22 S 3 10 375 Landrace + + * + — + + + mmt + 
19 S 4 0 480 York-Ch. White + + + + + + •El 
45 S 4 0 390 Landrace + + + + - — + — W1 
7 s 4 1 420 Chester White + + + + + _ „ • 
43 B 4 2 650 Landrace + + + + + — — + -, _ 
20 B 4 3 790 Yorkshire + + + + + - t + -, + 
11 S 4 6 720 Sp. Poland China + + + + + 
31 s 4 6 720 Parmer's Hybrid + + + + + + + + — 
41 s 4 11 525 Yorkshire + + + + + + .. + 
50 s 4 11 445 Yorkshire + + + + » M _ 
27 B 5 6 750 Parmer's Hybrid + + + + — « .. _ 
39 S 5 6 785 Farmer's Hybrid + + + + — + + + 4r — 
46 s 6 0 550 Landrace + + + + + + + + 
ILO s A n Landface + + + + + + + 
39 B 3 4 o«w roiana uhjliw » • - • — 
14 S 3 6 517 Landrace 4 4- 4- + - + - -
16 S 3 6 530 Landrace + 4 4- + 4- - 4 4-
21 s 3 6 480 Landrace 4 4 4- 4- + + 4-
6 s 3 8 435 Chester White 4- + 4- 4- - 4 - 4-
48 B 3 8 770 Yorkshire + 4- 4- 4- - 4- + 4 
22 S 3 10 375 Landrace + 4- * 4- - 4- _ 4* 4-
19 S 4 0 480 York-Ch. White 4* 4- 4- 4- - + + 
45 S 4 0 390 Landrace 4- 4 4- 4- - - 4 -
7 s 4 1 420 Chester White + 4 + 4- - 4 — — -
43 B 4 2 650 Landrace 4- + 4" 4- 4- — — + 
20 B 4 3 790 Yorkshire 4- 4- 4- 4- — + - 4- + 
11 S 4 6 720 Sp. Poland China 4- 4 4- + 4-
31 s 4 6 720 Farmer's Hybrid 4- 4- 4- 4* 4 — + 4 
41 s 4 11 525 Yorkshire + 4- 4- 4- 4- 4 
50 s 4 11 445 Yorkshire 4- 4- + + - -
27 B 5 6 750 Farmer's Hybrid 4 4- + 4- - - 4-
30 S 5 6 785 Farmer's Hybrid 4- 4 4* + - 4 — 4* 4 
46 s 6 0 550 Landrace 4* 4 - + - 4- + 4-
47 s 6 0 485 Landrace 4 4- 4- + - 4* — — 4-
36 s 6 3 247 Hampshire 4- 4- + 4- - 4- — - + 
15 s 6 6 220 York-Hamp-Tam. 4- 4- 4- + — — -
17 s 6 6 315 York-Hamp-Tam. 4- + 4 - 4 4- 4-
25 s 6 6 310 York-Hamp-Tam. 4 + 4- 4" 4- — — 4 
35 s 6 6 500 York-Hamp-Tam. + + 4- 4 + — — -
12 B 7 6 820 Farmer's Hybrid 4- 4- 4- 4- - 4- 4 4 
23 S 7 9 383 Chester White + 4- * 4- - 4 4 
32 s 7 9 394 Chester White + 4- * + - - -
38 s 7 9 443 Chester White + + * 4- - 4- + 4-
44 s 7 9 533 Chester White 4 + » 4 - - — 4 + 
1 s 8 0 400 Landrace + 4- + 4 - + + -
2 s 8 0 450 Yorkshire 4- 4- + 4- - 4- — — + 
9 s 8 6 253 Hampshire + 4- 4- 4 - - — — -
26 s 8 6 330 Hampshire 4 4- 4- + - — — + 
8 s 8 6 300 Poland China + + 4- 4- — — — mm 
_ + 
4 -
-, + 
4 
4-
4-
aSex is indicated: S = sow; B = boar. 
^Breed is indicated: York-Ch. White = Yorkshire-Chester White; Sp. Poland 
China = Spotted Poland China; York-Hamp-Tam. = 1/2 Yorkshire-1/4 Hampshire - 1/4 
Tamworth. 
c* indicates no specimen. Coronary arteries were not dissected from the 
fresh specimen for gross staining in these hogs. 
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the atria were streaked in 7 hearts (14$) in the left 
chambers and in 7 hearts (14%) in the right chambers, and 
the mitral valves were streaked in 34 hearts (68%). The 
tricuspid and pulmonary valves were free of streaks in all 
of the 50 swine hearts examined (Chart 1). 
Aorta 
The aorta was examined in two sections. The thoracic 
portion was transected at the aortic arch and the hiatus 
aorticus of the diaphragm. The terminal portion of the 
abdominal aorta including 10 - 15 centimeters of the iliac 
arteries represented the second section. The ascending aorta 
was left attached to the heart. 
The thoracic aorta contained more areas of fatty 
streaking and fewer atherosclerotic plaques than did the 
abdominal aorta. The fatty streaks were most commonly seen 
extending away from the orifices of thoracic vessels. Where 
plaques and fatty streaks were present together, they were 
most extensive at the posterior portion of the thoracic aorta 
(Figure 5). 
The abdominal aorta was most severely affected by 
plaque formations. In the most severely affected areas, the 
plaques were elevated and continuous and gave a corrugated 
effect to the intimai surface (Figure 5)• The plaques were 
soft, roughened, and elevated, whereas the fatty streaks were 
soft, smooth, and non-elevated. 
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Chart 1. Comparison of the incidence of fatty infiltrations 
in the endocardium of the chambers and valves of 
swine hearts , 
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Iliac arteries 
Plaques and streaks were noted in the iliac arteries 
in varying degrees of severity (Figure 9)• One of the plaques 
nearly occluded the lumen (Figure 10). Plaques were consist­
ently seen at the points of origin of the iliac arteries. 
Second to the abdominal aorta, the plaques were most extensive 
-in the iliac arteries. Corrugated effects on the intimai 
surface were seen in the extreme cases (Figure 5)• 
Coronary arteries 
The coronary orifices of both the right and left 
coronary arteries consistently showed fatty streaking and 
plaque formations. The anterior descending branch of the 
left coronary artery contained atherosclerotic plaques in 
35 of the 40 branches examined. The coronary arteries from 
10 of the hearts were not dissected. The right descending 
branch was dissected with difficulty and was not consistently 
examined. While lesions were consistently seen in the tunica 
intima of the coronary orifices, lesions were inconsistently 
seen in the coronary arteries themselves. The affected 
arteries showed elevated and roughened plaques which measured 
one to two millimeters in diameter. The most severely affected 
coronary artery was the left descending branch in a 27-month-
old boar pig in which fifty per cent of the surface examined 
was covered by plaques and streaks (Figure 11). 
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Figure 9* Moderate atherosclerotic involvement in the thor­
acic aorta on the left, and severe involvement in 
the abdominal aorta on the right from an eight-
year-old Yorkshire sow (Pig 2). Grossly stained 
with Sudan IV. Ektacolor film; ISU Neg. A45929 
A. Plaques and fatty streaks around the branching 
vessels cover 25 per cent of the intimai 
surface in the opened thoracic aorta 
B. Plaques cover the entire intimai surface in 
the abdominal aorta 
C. Severe plaque in the internal iliac artery 
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Figure 10. A doser view of the iliac arteries shown in 
Figure 9• Grossly stained with Sudan TV. 
Ektacolor film; ISU Neg. A4592? 
A. Abdominal aorta 
B. External iliac artery 
C. Extensive plaque in the internal 
iliac artery which nearly occluded 
the vessel 
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Figure 11. Atherosclerotic plaques and fatty streaks cover 
50 per cent of the intimai surface of the anterior 
descending branch of the left coronary artery 
from a 27-month-old Hampshire boar (Pig 33)• 
Grossly stained with Sudan IV. Ektacolor film; 
ISU Neg. A45540 
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Orifices 
Atherosclerotic plaques were numerous around the 
orifices of the arteries. Orifices of the coronary arteries 
and of the brachiocephalic and brachial arteries are shown in 
Figure 8. Plaques were noted at many opened bifurcations and 
were especially prominent at the terminal bifurcation of the 
aorta into the iliac arteries (Figure 10). In the thoracic 
aorta, fatty streaks without elevations of the surface were 
noted around the orifices more commonly than were elevated 
plaques (Figure 9)• The aortic semilunar cusps and mitral 
leaflets showed fatty streaking inconsistently (Figures 7, 
12, 13). 
Areas of fatty streaking were noted on the coronary 
arteries, coronary orifices, base of the semilunar cusps of 
the aortic valve, the leaflets of the mitral valve, and in 
the thoracic aorta. No plaques were observed in any of the 
heart chambers. Less isolated streaks were seen in the 
abdominal aorta where the lesions tended to be roughened and 
elevated plaques, and where the incidence of atherosclerotic 
plaques was higher than in any other surface examined. 
Pulmonary artery 
The pulmonary artery was free from fatty streaking 
and atherosclerotic plaques. A fibrous plaque was noted in 
one of the pigs, a 7-1/2-year-old boar, at the bifurcation 
of the right and left pulmonary arteries. No lipid was 
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Figure 12. An area of adipose tissue shown at the tip of 
the pointer is present on the ventricular 
surface of the mitral valve leaflet from a 7-1/2-
year-old Farmer's Hybrid boar (Pig 12). The cut 
leaflet is folded over to show the ventricular 
surface. Grossly stained with Sudan IV. Ekta-
color film; ISU Neg. A45932 
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Figure 13. Irregular areas of adipose tissue are present on 
the atrial surface of the mitral valve leaflet 
from a three-year-eight-month-old Chester White 
sow (Pig 6). Grossly stained with Sudan IV. 
Ektacolor film; ISU Meg. A45922 
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contained in the plaque and it was considered to be an 
incidental lesion (Figure 14). 
Wiaental lesions 
Besides the fibrous plaque mentioned in the pulmonary 
artery' of one pig, two other lesions of significance were 
noted. One was a healed myocardial infarction in the left 
ventricular wall of the 27-month-old boar (Pig 33) which was 
the most severely affected with atherosclerotic plaques of 
the coronary arteries in this series examined. The other 
lesion was a group of vegetative growths measuring two 
millimeters in diameter on the ventricular surface of all 
three of the semilunar cusps of the aortic valve in a 
4-1/2-year-old boar, Pig 11 (Figure 15)• No other evidence 
of a diseased condition which might have contributed to the 
lesion was noted in this pig. 
Microscopic Lesions 
Microscopic examination of lesions was made on 
sections cut perpendicular to the surface in the heart and 
transversely to the lumen in the arteries. In the gross 
findings it was emphasized that the arterial atherosclerotic 
lesions were arbitrarily classified as fatty streaks or 
atherosclerotic plaques. Obviously a complete differentiation 
of the lesions into one or the other of the above categories 
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Figure 14. The fibrous plaque at the end of the pointer is 
unstained by Sudan XV at the bifurcation of the 
pulmonary artery from a 7-1/2-year-old Farmer's 
Hybrid boar (Pig 12). The intimai surface of 
the pulmonary artery is free of fatty streaks 
and atherosclerotic plaques. White chalky areas 
are reflection highlights. Grossly stained with 
Sudan IV. Ektacolor film; ISU Neg. A45931 
A. Fibrous plaque 
B. Reflection highlight 
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Figure 15. Vegetative lesions are present on the ventricular 
surface of the three semilunar cusps of the aortic 
valve from a 4-1/2-year-old Spotted Poland China 
sow (Pig 11). Grossly stained with Sudan IV. 
Ektacolor film; ISU Neg. A45921 
A. Vegetative growth on the middle (right) 
semilunar cusp 
B. Vegetative growth on the anterior cusp 
C. Vegetative growth on the left cusp 
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was not always possible. 
Fattv streaks 
Grossly the fatty streaks appeared as soft smooth 
and non-elevated areas on the intimai surface of arteries. 
Upon histological examination it was found that these lesions 
were primarily confined to the tunica intima (Figure 16). 
Occasionally mild degenerative changes and small amounts of 
extracellular lipids were found in the tunica media. The 
significant lesion was a mildly thickened tunica intima 
which consisted primarily of a connective tissue prolifera­
tion containing lipid-laden macrophages (Figure 1?)• In 
frozen sections stained with oil-red-0 the lipid was noted to 
be concentrated along the intimai side of the internal elastic 
membrane. The lipid-laden macrophages extended to the luminal 
surface of the arteries which accounted for the intense stain­
ing in the fatty streaks distinguishable upon macroscopic 
examination. Occasionally the internal elastic membrane 
revealed a slight fragmentation, but even in such cases the 
structure of the tunica media was well preserved. 
Staining of the whole endocardium of the chambers and 
valves of the hearts with fat stains as Sudan IV revealed 
some streaks upon gross examination that were similar to the 
fatty streaks of the tunica intima in the arteries. However, 
upon histological examination of these streaks in the endo­
cardium they were found to be adipose tissue cells (Figures 
Figure 16. Mildly thickened tunica intima of a fatty streak 
in the abdominal aorta from a four-year-three-
month- old Yorkshire boar (Pig 20). Harris's 
hematoxylin and eosin stain; x 95- Panatomic 
X film; green filter; ISU Neg. A462?l 
A. Connective tissue proliferation in the 
thickened tunica intima 
B. Internal elastic membrane 
Figure 17* Higher magnification of the tunica intima of 
Figure 16; x 490. Panatomic X film; green 
filter; ISU Neg. A46272 
A. Foamy macrophage 
B. Fibroblast 
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18 and 20). 
Atherosclerotic plagues 
One characteristic finding in all of the athero­
sclerotic plaques in swine was a prominent connective tissue 
proliferation. Laminated appearance of connective tissue and 
varying degrees of calcification were noted in some plaques 
(Figure 22). These characteristic changes were noted singly 
and/or in combinations in various stages of development of 
the plaque. 
Connective tissue proliferations were more pronounced 
in the tunica intima of the plaques and resulted in an eleva­
tion of the intimai surface and a greatly thickened intimai 
layer (Figure 27). The endothelium was frequently fragmented, 
necrotic or missing in many of these atherosclerotic lesions 
and the macrophages with their phagocytized lipids seldom 
extended to the luminal surface of the arteries. In areas of 
connective tissue laminations the numbers of macrophages were 
greatly reduced. Calcification was noted in the more severe 
plaques in varying degrees within the necrotic areas of the 
tunica intima (Figures 21 - 22). In swine this calcification 
was not suspected upon macroscopic examination. However, 
Schwartz and Mitchell (48) reported that calcification can be 
detected grossly in man. 
The elevated plaques irregularly disrupted the 
continuity of the internal elastic membrane and in extensive 
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areas of involvement the division between the tunica intima 
and media was lost. The irregular bundles and strands of 
collagen of the plaques merged with the media at the points 
of disruption (Figures 21 - 26). The thickness of the intima 
was definitely greater and more variable than the intima of 
the fatty streaks. The collagen bundles and strands were 
prominent in those plaques in which the extensive connective 
tissue proliferation had disrupted the internal elastic 
membrane. 
Lipids were demonstrated in varying amounts in the 
tunica intima and in the tunica media of the plaques in 
frozen sections stained with oil-red-0 (Figures 23 - 25)« 
The open tissue spaces and foamy macrophages were noted in 
paraffin-embedded sections stained with hematoxylin and eosin 
(Figures 27 - 28). Areas of necrosis characterized by 
acellularity, amorphous ground substance, and nuclear frag­
ments were present in extensive lesions. 
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Figure 18. Lipids which remain in the lacy matrix of adipose 
tissue are stained a deep red in the subendo­
cardial layer of a tissue section from the left 
ventricle of a three-year-four-month-old Poland 
China boar (Pig 39)• Frozen section; 7 microns; 
oil-red-0 and Harris's acid hematoxylin stain; 
x 36. Ektacolor film; ISU Neg. A45995 
A. Fat globule 
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Figure 19• Open clear spaces in the adipose tissue from the 
left ventricle shown in Figure 18. The lipids 
have been dissolved in the preparation of the 
paraffin section. Hematoxylin and eosin stain; 
x 36. Ektacolor film; ISU Neg. A45984 
A. Adipose tissue 
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Figure 20. Clear open spaces of adipose tissue in the 
endocardium of the mitral valve leaflet from a 
six-year-old Landrace sow (Pig 46). The fat 
globules have been dissolved away in the slide 
preparation, leaving the lacy matrix in the 
subendothelial layer. Paraffin section; Weigert-
Heidenhain-van Gieson stain; x 95- Ektacolor 
film; ISU Neg. A45990 
A. Open spaces 
Figure 21. An extensive atherosclerotic plaque with mild 
calcification in the abdominal aorta from an 
eight-year-old Landrace sow (Pig 1). Harris's 
hematoxylin and eosin stain; x 100. Panatomic 
X film; green filter; ISU veterinary anatomy 
negative 
A. Area of necrosis 
B. Hild calcification in the tunica intima 
C. Internal elastic membrane disrupted by 
collagen bundles 
Figure 22. An extensive atherosclerotic plaque with heavy 
calcium deposits in the tunica intima from 
another portion of the artery shown in Figure 21; 
x 490. Panatomic X film; green filter; ISU 
veterinary anatomy negative 
A. Connective tissue proliferation 
B. Calcification 
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Figure 23. Fine lipid particles phagocytized in the thickened 
intima at the top of the photograph are stained 
red. Photomicrograph of the abdominal aorta from 
an eight-year-old Landrace sow (Pig l). Frozen 
section; 15 microns; oil-red-0 and Harris's acid 
hematoxylin stain; x 36. Ektacolor film; ISU 
Neg. A45991 
A. Disruption of internal elastic membrane 
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Figure 24. An atherosclerotic plaque is revealed by the red 
stain in the greatly thickened intimai layer of 
the coronary artery from a 27-month-old Hampshire 
boar (Pig 33)• Frozen section; 14 microns; 
oil-red-0 and Harris's acid hematoxylin stain; 
x 36* Ektacolor film; ISU Neg. A45994 
A. Irregular internal elastic membrane 
B. Thin muscular band of the tunica media 
C. Loose tunica adventitia 
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Figure 25. Phagocytized fine lipid droplets in the foamy 
macrophages of the thickened intimai layer 
from a higher magnification of the coronary 
artery in Figure 24; x 95* Ektacolor film; 
ISU Neg. A45993 
A. Disrupted internal elastic membrane with 
lipid extending into the tunica media 
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Figure 26. A higher magnification of the abdominal aorta 
in Figure 23, which has been embedded in paraffin 
for special staining. Weigert-Heidenhain-van 
Gieson stain; x 95* Ektacolor film; ISU Neg. 
A45981 
A. Thickened tunica intima 
B. Internal elastic membrane which is partially 
disrupted 
C. Disruption of elastic fibers in the tunica 
media 
D. Collagen bundles stained pink 
Figure 27• A thick atherosclerotic plaque with areas of 
necrosis in the tunica intima from the internal 
iliac artery of a six-year-old Landrace sow 
(Pig 46). Harris's hematoxylin and eosin stain; 
x 100. Panatomic X film; green filter; ISU 
veterinary anatomy negative 
A. Area of necrosis 
B. Internal elastic membrane 
Figure 28. A higher magnification of the necrotic area 
in Figure 27; x 430. Panatomic X film; green 
filter; ISU veterinary anatomy negative 
A. Nuclear fragments 
B. Foamy macrophage 
C. Connective tissue 
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DISCUSSION 
Patty streaks and elevated plaques in the arteries 
of swine were distinguished on the basis of their gross and 
microscopic appearance. Whether or not there was a relation­
ship between the flat, fatty streaks and the elevated athero­
sclerotic plaques was not determined- The fact that both 
lesions were often found apart and in separate anatomical 
sites in the same animal supported the view that the lesions 
occurred independently of each other and that the fatty streak 
was not a stage in the pathogenesis of the plaque. On the 
other hand, the finding that streaks and plaques frequently 
merged with each other in many anatomical sites supported the 
view that the plaque may have been an advanced development of 
the fatty streak. 
Based upon the microscopic examination of the sections 
taken from the fatty streaks and plaques it was not possible 
to determine if the fatty streak was an early stage in the 
development of the plaque. Some sections revealed areas in 
which the plaques appeared separate and distinct from the fatty 
streaks with no evidence of a transitional stage between the 
two lesions. In other sections, the plaques and fatty streaks 
appeared to be in a transitional stage of development. 
There was no indication that fatty streaks and raised 
plaques occurred at different ages as transitional lesions in 
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swine. Both lesions were present in all age groups studied. 
Whether or not a definite relationship exists between the 
fatty streaks and elevated plaques in swine remains to be 
determined. 
The evidence reported by Schwartz and Mitchell (48) 
indicated that fatty streaks and raised atherosclerotic 
plaques might be considered as separate disease processes in 
man. These considerations were based on the structural 
differences between the flat and raised plaques and between 
their different topographical locations in the arterial 
systems. These authors pointed out that some workers as 
early as 1911 had considered the flat and raised plaques as 
separate disease processes while other workers at that same 
time believed that transitional lesions could be seen. 
The gross examination of the raised plaques in the 
arteries of swine revealed no evidence of the presence of 
calcification as was described in the human plaques by Schwartz 
and Mitchell (48). Calcification in swine arteries was detected 
only after the microscopic examination of the plaque. 
The coronary arteries are the sites of atherosclerotic 
plaques in most middle aged persons according to Levene (30). 
Since the coronary arteries are characterized by a thicker 
tunica intima, Gould (14) stated it may be that this vessel 
is anatomically more susceptible to atherosclerosis than the 
other vessels. 
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Atheromatous plaques in swine were noted, in the left 
anterior descending branch of the coronary arteries in 35 
of the 40 branches examined. Levene (30) noted similar sites 
in human patients. In the pig, the anterior descending 
branch contained the most extensive plaques of the coronary 
arteries examined. This artery is the most accessible for 
anatomical dissection, and it is apt to be more frequently 
examined than are the other coronary vessels. Gubner and 
Uhgerleider (16) pointed out that the intramural pressure 
in the right ventricle is less than in the left ventricle 
and does not cause as much retardation to systolic flow. 
It is for this reason, they explained, that atherosclerosis 
is less marked in the right coronary artery which supplies 
the right chambers= 
The pulmonary artery in the pig was found to be free 
from any atherosclerotic lesions. None of the pigs examined 
showed any evidence of conditions which might lead to right 
ventricular hypertrophy, as was noted by Harvey 0i8) in man. 
It would be of interest to attempt to induce pulmonary atherO' 
sclerosis in pigs by decreasing the lumen of the pulmonary 
artery by surgical intervention or to search for pulmonary 
atherosclerosis in pigs with right ventricular hypertrophy 
which resulted from obstruction to the pulmonary outflow of 
blood. 
In the ascending aorta sites of frequent athero­
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sclerosis were seen at the aortic valve, coronary orifices, 
and at the left brachial and brachiocephalic artery orifices. 
These are sites subject to the direct systolic impact. 
Lesions around the bifurcation of vessels and at the 
insertion of the semilunar cusps of the aortic ring were 
found in the pig in similar locations as reported by Gould 
(14) from human material. 
The tendency of atherosclerosis to occur at sites of 
branching of the vessels may be due as Gordon (11) states to 
the spur, which separates the two vessels at the point of 
branching. This spur is in contact with the axial currents 
carrying the macrophages, and the macrophages thus have an 
opportunity to contact the endothelium. 
Lesions found on the semilunar cusps of the aortic 
valves and on the leaflets of the mitral valve were limited 
to fatty streaks related to fatty infiltrations. These infil­
trations did not appear to contribute any impairment to the 
mechanical function of the valves. Vegetative growths were 
noted on the ventricular surface of the three semilunar cusps 
of the aortic valve in only one pig of the series examined 
(Pig 11). This lesion was considered to be unrelated to 
atherosclerosis. 
Finlayson, Symons, and T -W-Fiennes ( 9 )  noted that 
atheromatous plaques were common in birds in which it was 
known that the systemic blood pressure was relatively high 
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and rare in reptiles which have a low blood pressure. The 
high blood pressure as a factor concerned with the patho­
genesis of arteriosclerosis was emphasized by Burch and 
DePasquale (6). They showed that in man, when the left 
coronary artery originates from the pulmonary artery, coronary 
atheroma is not seen. They noted in the same patient streaks 
of atheroma in the right coronary artery which originated 
from the aorta and had a high arterial pressure. Blood 
pressure was not determined in the swine reported in this 
study, but such data would be of interest in future studies. 
Pinlayson, Symons and T-W-Fiennes (9) divided the 
lipid containing vascular lesions into those showing fatty 
streaking only, consisting of small focal accumulations of 
lipid in the arterial intima and presenting red streaks or 
patches after gross staining with Sudan TV, and those which 
were clearly elevated intimai plaques containing lipid easily 
stained with Sudan. This was the basis on which the swine 
lesions were evaluated for this study of the vascular system 
in ageing swine. 
The pig should serve as an excellent animal for 
research in atherosclerosis. Not all animals are suitable. 
Dogs and rats are believed by Goldberger (10) to be more 
resistant to atherosclerosis than other animals because they 
may esterify larger amounts of cholesterol with arachidonic 
acid than do other animals. Hass (19) listed requirements to 
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obtain satisfactory experimental athero-arteriosclerosis. 
The problem was approached by the production of hyperlipemia 
hypercholesteremia in one or more animal species. In the 
example of the rat, Howard and Gresham (24) found that 
vascular lesions were produced only when agents which produce 
hypercholesterolemia were fed in addition to high fat diets. 
Since the serum cholesterol levels were obtained on 
only seven of the animals in this report, the data is 
recorded for information only, and no attempt has been made 
to interpret the results (Table 2). The method of Zlatkis, 
Zak, and Boyle (56) was used for the serum cholesterol 
determinations. The average for the seven pigs of 150 milli­
grams per 100 milliliters of serum approximates the usual 
normal range of 152 - 154 given by Dukes (8b, p. 49). More 
information is needed on serum cholesterol levels in swine. 
Brown (5) emphasized the need for the uniform 
determination of serum cholesterol in man so that data 
obtained in different laboratories could be compared. 
Factors that he listed as known to cause the wide range in 
serum cholesterol levels included sex, heredity, age, diet, 
and stress. 
Degeneration changes in the tunica media of the 
arteries were not evaluated in this study, although the 
disruption of the internal elastic membrane was noted in many 
plaques. 
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Stephenson s£. al. ($0) noted that in man the greatest 
concentration of atherosclerotic lesions occurred in the 
abdominal aorta and common iliac arteries, and at the orifices 
of branch vessels. The distribution of lesions in this series 
of pigs would indicate that the greatest concentration of 
lesions in pigs occurs in corresponding sites to those found 
in man. Stephenson further noted that the anatomical factors 
which mechanically hold the abdominal aorta and iliac arteries 
may be concerned in determining the sites of atheromatous 
predilection by restricting the amplitude of pulsations or to 
the impairment of lipid drainage from the area by the lymphatic 
system. 
In this series of swine the highest incidence and 
the greatest severity of atherosclerotic plaques were observed 
in the abdominal aorta. Schwartz and Mitchell (48) reported 
that in man the thoracic aorta remains relatively free from 
raised lesions in contrast to the abdominal segment which is 
markedly affected. The macroscopic evidence of calcification 
noted frequently in man was not present in this series of 
swine• 
Katz (27) noted that the species differences regarding 
the results of atherosclerosis research demand that all 
animal observations of significance be re-examined in man or 
in the species in which the investigator is interested. 
The predominance of atherosclerotic lesions in the 
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thoracic aorta of swine was reported by Bragdon, Zeller, and 
Stevenson (4) and by Gottlieb and Lalich (13) • I11 this series 
of swine, atherosclerotic lesions occurred principally in the 
abdominal aorta in both young and old animals (Table l). 
Lindsay and Chaikoff (32) in a study similar to this 
project using cats found plaques were prominent in the abdom­
inal aorta and coronary lesions were common in the heart as 
was found in this study-
In this research with swine, the extent of athero­
sclerosis was based upon the percentage of the surface area 
which showed visible lesions after gross staining with Sudan 
IV (Table l). Gore and Tejada (12) listed methods of grading 
and appraising the lesions of atherosclerosis which included 
luminal narrowing. While luminal narrowing was noted in this 
series of pigs, it was not considered as a method of grading 
or appraising the lesions. 
No correlations between age, breed, sex, or weight of 
animals and the percentage of the intimai surfaces covered by 
atherosclerotic lesions were established. It appeared 
significant that all of the apparently normal healthy swine 
selected for this study contained atherosclerotic lesions in 
their arteries - The swine ranged in age from 1 to 8-1/2 
years, represented 9 breeds, were uncastrated males and 
females, and varied in weight from 150 to 820 pounds. 
This investigation indicates that atherosclerotic 
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plaques occur in the aortas and in the coronary orifices of 
most pigs over one year of age. These anatomical locations 
coincide with the sites in man believed by Strong and McGill 
(52) to be present in almost all the adult population of the 
United States. 
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SUMMARY 
1. An investigation was conducted to establish the readily-
accessible anatomical sites of spontaneous athero­
sclerosis in swine. 
2. Fifty pigs, ranging in age from 1 to 8-1/2 years, were 
obtained from the Swine Nutrition Farm at Iowa State 
University and from other sources by special purchase. 
Birth records and diets were obtained for all animals, 
and they were weighed prior to killing. The pigs were 
uncastrated males and females and represented nine breeds. 
They appeared to be normal, healthy swine with no outward 
manifestation of disease. 
3- The animals were killed by electrocution with a 110 volt 
alternating current, and necropsy examination was 
immediately performed. 
4. The aorta, iliac, coronary, and pulmonary arteries and 
the chambers and valves of the hearts were examined. 
5• All tissues were fixed in four per cent neutral formal­
dehyde solution. After fixation the arteries and hearts 
were grossly stained with Sudan TV in order to reveal 
the location of fatty streaks and atherosclerotic 
plaques which were invisible in the unstained tissue. 
6. Atherosclerotic lesions were noted as plaques on the 
intimai surface of the arteries. They were soft, rough­
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ened, and elevated. The fatty streaks on the intimai 
surface were soft, smooth, and non-elevated. 
7. Histological examinations of plaques and fatty streaks 
were performed to characterize the lesions on a 
morphological basis. 
8. Atherosclerotic lesions were found in all of the swine 
examined. 
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CONCLUSIONS 
Atherosclerotic lesions were noted as plaques and fatty 
streaks in the arteries. The plaques were areas on the 
intimai surface which were soft, roughened, and elevated. 
The fatty streaks were areas on the intimai surface 
which were soft, smooth, and non-elevated. 
Small plaques were subtle and fatty streaks were 
invisible in the unstained gross tissues. After grossly 
stainly with Sudan IV, the streaks were sharply demarcated 
from the surrounding intimai surface, and the athero­
sclerotic plaques became readily visible. 
Histological examination of the plaques revealed an 
irregular disruption in the continuity of the internal 
elastic membrane. Irregular bundles and strands of 
collagen merged with the tunica media at the points of 
disruption. The thickness of the tunicâ intima was 
definitely greater and more variable than the intima 
of the fatty streaks. Connective tissue proliferation 
was very prominent in the plaques. Lipids were demon­
strated in varying amounts in the tunica intima and in 
the tunica media in frozen sections stained with oil-
red- 0 . Some opened tissue spaces, foamy macrophages, 
areas of necrosis, and calcification in varying degrees 
were noted in paraffin-embedded sections stained with 
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hematoxylin and eosin. Calcification was not suspected 
upon macroscopic examination. 
4. Histological examination of the fatty streaks revealed 
that these lesions were primarily confined to the tunica 
intima. The significant lesion was a mildly thickened 
tunica intima which consisted primarily of a connective 
tissue proliferation containing lipid-laden macrophages. 
5* Staining of the whole endocardium of the chambers and 
valves of the hearts with Sudan IV revealed areas which 
upon gross examination were similar to the fatty streaks 
of the tunica intima of the arteries• Upon histological 
examination these areas were found to be adipose tissue 
cells. 
6. Atherosclerotic plaques were consistently found in the 
abdominal aorta, iliac arteries, and the orifices of the 
coronary arteries. Plaques were inconsistently found in 
the coronary arteries, the thoracic aorta, ascending 
aorta, and ostia of aortic segments. 
7. Patty streaks and atherosclerotic plaques were absent 
in the pulmonary artery and pulmonary semilunar valves-
8. Fatty streaks in the tunica intima varied in size and 
shape from spots, one to two millimeters in diameters, 
to streaks the entire length of the aorta. Atherosclero­
tic plaques varied in size and shape from roughened 
elevated surfaces, one to two millimeters in diameter, 
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to roughened surfaces producing a corrugated effect 
to the entire intimai surface of severely affected 
abdominal aortas• 
9. In this research an examination of arteries from 
different breeds and ages of domestic swine conclusively 
established that spontaneous atherosclerotic lesions 
similar to those described in man are very common in 
these animals. 
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